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(57) ABSTRACT

A secondary battery has a positive electrode, an electrolyte,
and a negative electrode. The electrolyte 1s made up of a
high molecular gel electrolyte comprising a matrix polymer
and an electrolyte solution included 1n the matrix polymer.
The electrolyte solution 1s formed by dissolving an 1onic
compound 1n a nonaqueous organic solvent. The matrix
polymer forms a high molecular network by dispersing (i) a
compound containing at least two polymerizable functional
groups, (11) compound having a polymerizable functional
oroup and containing one of a carbonyl group, an amido
group, and an oxyalkylene group, and (iii) a vinylidene
fluoride polymer and polymerizing them.

23 Claims, 4 Drawing Sheets

11

~

17

A Ay A .S FNwe. "I""’I...""'"""."‘

s

13

VAL LA

GIIIIIIIIIVIIITII IS, '//
LA

w77 7 7 7 7 7 £ Zod L Ll J 2 L Z\Z L "'"..’.."‘3

15



U.S. Patent May 22, 2001 Sheet 1 of 4 US 6,235,433 B1

11

adl

23 21 19 17

-"'m”.."I""’I".""'"""""

7 T F 777777777777 A T
727272772 27 A7 1TSS 1YL, ,//
Y

| f.""..."”'ﬂ'."‘ """....."'m

15

13

Fig.1
25
27 '/ 33
19 17
/ L L L L !!l!!!!!!!(!’ '
TV7 777707 7 2l L 2 4 ‘!'
TITIIITIIIIIIIIII I AN

II/IIIIIIIIIIIIIIIIIII

*—____-_“__- s mblr Gaass e e doesks e s Daaas wlaas SEEEE EEEEE TEEEE BEEEE TS s s Al T wasis Pl Sy

AL/ IEEEA SIS NN A, A

13 15 29

31

Fig.2



U.S. Patent May 22, 2001 Sheet 2 of 4 US 6,235,433 B1

4.5
40 ke COMPARATIVE EXAMPLE2
S ...
G 35 '"
=
9
3.0
2.5
0 20 40 60 80 100
CAPACITY (%)
Fig.3
100 COMPARATIVE EXAMPLE2
g
g 80 EXAMPLE2
&
&
60
0 100 200 300 400

NUMBER OF REPITATIONS (CYCLE)

Fig.4



U.S. Patent May 22, 2001 Sheet 3 of 4 US 6,235,433 B1

4.5
40 COMPARATIVE EXAMPLE2
S .
L
@ 35 EXAMPLE4
5
2
3.0
25
0 20 40 60 80 100
CAPACITY (%)
Fig.5
100 COMPARATIVE EXAMPLE?2
S
> g0 EXAMPLE4
:
-
60
0 100 200 300 400

NUMBER OF REPITATIONS (CYCLE)

Fig.6




U.S. Patent May 22, 2001 Sheet 4 of 4 US 6,235,433 B1

4.5

4.0 Peae .
R L
LY a
g 35 EXAMPLES
—
-
O
>

3.0

2.5

0 20 40 60 80 100
CAPACITY (%)
Fig.7

100 ' COMPARATIVE EXAMPLE?
3
E 80 EXAMPLEG
:
O

60

0 100 200 300 400

NUMBER OF REPITATIONS (CYCLE)

Fig.8



US 6,235,433 Bl

1

HIGH MOLECULAR GEL ELECTROLYTE

AND SECONDARY BATTERY USING THE
SAME

FIELD OF THE INVENTION

The present mvention relates to a high molecular gel
clectrolyte of a solid state having a high 1onic conductivity
and being excellent 1n the electrolyte solution retentive
property and the mechanical strength and to a secondary
battery, 1n particular, to a lithtum secondary battery having,
a small size and a large capacity, giving a high output
density, and having a high safety by using the above-
described high molecular gel electrolyte.

BACKGROUND OF THE INVENTION

Recently, a multimedia technology has been rapidly
developed with the advent of the information-oriented era.
The high performance and the portability of electronic
products have been strongly demanded. Such demand inevi-
tably requires an energy source, such as a secondary battery.
Under the circumstances, a new secondary battery 1s actively
investigated and developed as the energy source for aiming
at small-sizing and increasing the capacity and the energy
density. So-called lithtum 10n secondary batteries were com-
mercialized early in the 1990°s. Such a lithium 10n second-
ary battery includes a metal oxide and a carbon metal having
a property of capable of occluding a lithium 1on as the
positive electrode and negative electrode, respectively. In
such a secondary battery, the positive and the negative
clectrodes are opposite to each other with a separator and an
clectrolyte interposed between them. The lithium 1on second
battery 1s one of secondary batteries having a high energy
density. Since a lithium 1on secondary battery uses an
electrolytic solution, the battery has however a possibility of
causing liquid leakage to occur and leaves a problem on the
safety. Also, to prevent the liquid leakage, a metallic can or
case must be used as the external container. Therefore, the
battery has a difficulty 1n making 1t small 1n size and thin in
thickness.

On the other hand, Armand et al (U.S. Pat. No. 4,303,748)
already proposed a chargeable electrochemical power gen-
erator which applied with a high molecular solid electrolyte
made up of a solid solution of a polyalkylene oxide and an
alkali metal or an alkaline earth metal 1n place of using an
clectrolytic solution.

However, a high molecular solid electrolyte has not only
an nsuflicient 1onic electric conductivity but also a very high
contact resistance with a positive electrode and a negative
clectrode. Moreover, the high molecular solid very high
contact resistance with a positive electrode and a negative
clectrode. Moreover, the high molecular solid electrolyte 1s
made up of polyethylene oxide, polypropylene oxide, etc.
which are ordinary polyalkylene oxides. Such a high
molecular solid electrolyte has not yet been practically
employed (see, K. Murata, Electrochimica Acta., Vol. 40,

No. 13-14, pages 2177-2184, 1995).

Also, to solve the above-described problems, various
cfforts have hitherto been made. For example, Mizoguchi et
al. proposed an 1on conductive solid-form composition made
up of an organic high molecular compound having a dielec-
tric constant of at least 4 (for example, polyvinylidene
fluoride, polyacrylonitrile, etc.) and an organic solvent hav-
ing an excellent solubility to the organic high molecular
compound (see, Japanese Patent Publication Nos. 61-23945
and 61-23947). This kind of the ionic conductor is called a

high molecular gel electrolyte. The 1onic conductor 1s kept
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in a solid state. Therefore, the 10nic conductor 1s sometimes
called simply a high molecular solid electrolyte to avoid
confusion with a conventional high molecular solid electro-
lyte.

It 1s considered that the excellent mechanical strength 1s
maintained 1n the high molecular gel electrolyte by a high
molecular compound which becomes a matrix and the high
ionic conductivity 1s attained by a solution portion included
in the high molecular compound as a molecular level. In this
case, the material design of the high molecular material
tends to be focused on a matrix. The proposal of Mizoguchi
et al. has been widely accepted at present and various
improvements have been made (see, Gozdz et al., Polymer-

made electrolytic cell separator film and the production
method thereof, U.S. Pat. No. 5,418,091).

However, various problems have yet been left on the
mechanical characteristics and the heat resistance. This
requires a further improvement.

To this end, Gozdz et al. (U.S. Pat. No. 5,429,891)
propose a crosslinked hybrid electrolytic film and the pro-
duction method thereof. In the electrolytic film, a copolymer
of vinylidene fluoride and hexafluoropropylene 1s used as
the matrix polymer. Furthermore, radiations, such as elec-
tron rays, etc., are used for the formation of the crosslinked
structure. The proposal 1s advantageous 1n that by control-
ling the content of hexatluoropropylene 1n that by control-
ling the content of hexatluoropropylene 1n the copolymer, a
high 10nic electric conductivity and a mechanical strength
are attained with a good balance and that by forming a
crosslinked structure with a crosslinking agent, the mechani-
cal strength and the heat resistance are improved.

In a secondary battery, the use of a high molecular gel
clectrolyte not only greatly improves the 1onic electric
conductivity of the electrolyte but also largely reduces the
contact resistance of the electrolyte with electrodes. Thereby
a polymer battery has been partially practically used which
utilizes the high molecular gel electrolyte. However, various
large problems have yet remained.

For example, Gozdz et al also disclose a high molecular
oel electrolyte made up of the copolymer of vinyldene
fluoride and hexatluoropropylene and a nonaqueous electro-
lyte solution dissolving a lithrum salt. The high molecular
oel electrolyte enables improvement about one figure higher
ionic electric conductivity as compared with the 1onic con-
ductive solid-form composition proposed by Mizoguchi et
al. and 1s excellent 1n the mechanical strength at room
temperature. However 1n U.S. Pat. No. 5,418,091, the high
molecular gel electrolyte 1s insutficient in the heat resistance
and 1s not always sufficient in the electrolytic solution
retentive property at a high temperature. Also, 1in the high
molecular gel electrolyte disclosed i U.S. Pat. No. 5,429,
891, 1t 1s considered that both the mechanical characteristics
an the heat resistance are improved but the electrolytic
solution retentive property 1s yet msufficient. However, it 1s
considered that because radiations, such as electron rays, are
used. It 1s necessary to remove hydrofluoric acid formed due
to the radiations, which makes the production method com-
plicated. Thus, the high molecular gel electrolyte cannot
always be suitable for practical use. Furthermore, to further
improve the high rate discharging characteristics and the
low-temperature characteristics of a polymer battery, the
ionic electric conductivity has been desired for being further
improved.

SUMMARY OF THE INVENTION

The present mvention has been made for solving the
above-described problems.
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It 1s a first object of the present invention to provide a high
molecular gel electrolyte which attains the higher 1onic
clectric conductivity and the excellent mechanical charac-
teristics with a good balance, and which 1s excellent 1n the
clectrolytic solution retentive property at a high temperature
and 1s also easily produced.

It 1s a second object of the present invention to provide a
secondary battery using the above-described high molecular
oel electrolyte.

As the result of making various mvestigations for achiev-
ing the above-described first object, the present inventors
have discovered that by using a polymer comprising a
vinylidene polymer wherein a high molecular network made
up of a compound having a crosslinked structure-forming,
function and a solvent retentive function 1s uniformly
formed as the matrix of a high molecular gel electrolyte, not
only both the higher ionic electric conductivity an the
excellent mechanical strength are attained with a good
balance but also the high molecular gel electrolyte 1s excel-
lent 1n the electrolyte solution retentive property, and that the
higch molecular gel electrode can be easily produced and
practically used. Also, 1t has been found that by applying the
technique, the above-described problems can be effectively
solved, and the present invention has been attained.

According to the present invention, there is provides a
high molecular gel electrolyte comprising a matrix polymer
and an electrolyte solution of an ionic compound dissolved
in a nonaqueous organic solvent mcluded 1n the polymer
matrix. In the high molecular gel electrolyte, the matrix
polymer forms a high molecular network by dispersing (i) a
compound containing at least 2 polymerizable functional
groups in the same molecule and (ii) one of first through
third compounds having a polymerizable functional group
and containing a carbonyl group, an amido group, and an
oxyalkylene group, respectively, in a vinylidene fluoride
polymer and polymerizing them.

The high molecular gel electrolyte of the present inven-
fion 1s excellent 1n the mechanical characteristics because
the vinylidene polymer 1s surrounded by the high molecular
network. Also, because the high molecular network contains
a carbonyl group, the electric conductivity of the high
molecular gel electrolyte using a carbonate-based organic
solvent can be increased.

Accordingly, 1in the high molecular gel electrolyte of the
present mnvention, the excellent mechanical strength of the
practical level and the high 1onic electric conductivity of the
practical level of at least 1.0 MS/cm are realized as well as
the electrolyte solution retentive property at a high tempera-
ture can be ensured, and hence, hereinafter, the real appli-
cation as the electrolyte of a secondary battery has been
largely expected.

Furthermore, because the secondary battery using the
high molecular gel electrolyte of the present invention has a
high 1onic electric conductivity of the electrolyte, the sec-
ondary battery of a high output of almost the same level as
a conventional secondary battery using an electrolytic solu-
tion.

Moreover, because there 1s no trouble of liquid leakage in
the secondary battery of the present invention, the safety 1s
high and super-thinning 1s possible.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross sectional view of a thin-type polymer
lithium secondary battery of Example 2 according to the
present mvention;

FIG. 2 1s a cross sectional view of a comn-type lithtum 1on
secondary battery of Comparative Example 2;
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FIG. 3 1s a graph showing discharging characteristics of
the lithrum secondary batteries of Example 2 according to
the present invention together with Comparative Example 2;

FIG. 4 15 a graph showing charging-discharging repeating,
characteristics of the lithium secondary batteries of Example
2 according to the present invention together with Compara-
tive Example 2;

FIG. 5 1s a graph showing the discharging characteristics
of lithium secondary batteries of Example 4 according to the
present 1nvention together with Comparative Example 4;

FIG. 6 1s a graph showing the charging-discharging
repeating characteristics of the lithium secondary batteries
of Example 4 according to the present imvention together
with Comparative Example 4;

FIG. 7 1s a graph showing discharging characteristics of
lithium secondary batteries of Example 6 according to the
present invention together with Comparative Example 6;
and

FIG. 8 1s a graph showing charging-discharging repeating,
characteristics of the lithium secondary batteries of Example
6 according to the present invention together with Compara-
tive Example 6.

DETAILED DESCRIPTION OF THE
INVENTION

Before describing the preferred examples of the present
invention, the content of the present invention 1s schemati-
cally described.

In the present invention, after uniformly dispersing the

above described compounds (i) and (i1) in a vinylidene
fluoride polymer, by carrying out the polymerization by, for
example, heat, light, or a radiation, such as an electron ray,
ctc., a high molecular network can be formed 1in the
vinylidene fluoride polymer. In this case, to form a uniform
high molecular network by facilitating the polymerization
under a mild condition, 1t 1s preferable that the polymeriz-
able functional group has an unsaturated ethylene bond and,
particularly, may have an acryloyl group or a methacryloyl

group.

The present invention 1s not restricted to the vinylidene
fluoride polymer but may be a copolymer, for example, a
copolymer of polyvinylidene fluoride, a copolymer of
vinylidene fluoride and hexafluoropropylene, a copolymer
of vinylidene fluoride and tetrafluoroethylene, a copolymer
of vinylidene fluoride, hexafluoropropylene, and
tetrafluoroethylene, etc.

Also, the compound (1) is not particularly restricted which
has at least two polymerizable functional groups in the same
molecule but specific examples of a diacrylate compound as
one of the compound (i) includes 1,4-butandiol diacrylate,
1,6-hexanediol diacrylate, triethylene glycol diacrylate, tet-
racthylene glycol diacrylate, etc., and the acrylate compound
having three or more functional groups includes trimethy-
lolpropane triacrylate, pentaerythritol tetraacrylate, etc.
These acrylate compounds can be used singly or as a
combination of the plural compounds.

Also, in the compounds (i), the first compound has a
polymerizable functional group and contains a carbonyl
oroup. The first compound 1s represented by following

formula (1):
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where R represents a hydrogen atom or a methyl group; X
may not always be included but represents an alkylene group
or an oxyalkylene group; and Y represents a substituent
having at least one carbonate bond.

As specific examples of the above-described first com-
pound having a carbonyl group, the following compounds
may be given, wherein, for example, —X—Y 1s the sub-
stituent represented by each of the following formulae (5) to

(7):

(5)

Ry Ry O
(7)
—(C7—v CH,— CH—)n—Rq
O O
NS %
C
H CH,
O

In the formulae (5) to (7), n and m each represents a
positive mteger and there are no particular restriction on R,
to R.. For example, R, to R, and R, each independently
represent a hydrogen atom; an alkyl group such as methyl,
cthyl, propyl, butyl, etc.; an alkoxy group, such as
hydroxymethyl, hydroxyethyl, hydroxypropyl,
hydroxybutyl, etc.; a halogen atom such as fluorine,
chlorine, bromine, 1odine, etc.; or a polar group, such as
nitro, cyano, etc.; but they are not limited to these groups. R.
represents an alkyl group such as methyl, ethyl, propyl,
butyl, etc.; an alkoxy group such as hydroxymethyl,
hydroxyethyl, hydroxypropyl, hydroxybutyl, etc.; a halogen
atom such as fluorine, chlorine, bromine, 10dine, etc.; a polar
group such as nitro, cyano, etc., but R; 1s not limited to these
gTOupS.

Also, as specific examples of the first compound of the
compounds (11), the following compounds may be given,

wherein X does not exist and Y 1s the substituent shown by
each of following formulae (8) to (12)

(8)

——CH,
o/ \o

N C/
|

O
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-continued

©)

(10)

(11)

(12)

Also, 1n the compounds (ii), the second compound has a
polymerizable functional group and contains an amido
oroup. Examples of the second compound are represented
by following formulae (2) and (3) respectively;

(2)

R O g
A/
H,0=—C—C—N
\
R
(3)
R O
| |
H,C=—=C—N—C—R;

where R represents a hydrogen atom or a methyl group and
R, to R, each independently represent an aliphatic substitu-
ent or an aliphatic substituent containing a hetero atom.

More 1n detail, R, to R, each independently represent, for
example, an alkyl group, such as methyl, ethyl, propyl,
butyl, etc., or an alkoxy group, such as hydroxymethyl,
hydroxyethyl, hydroxypropyl, hydroxybutyl, etc. The
above-described alkyl group or alkoxy group may contain a
halogen atom, such as fluorine, chlorine, bromine, 1odine,
ctc.; a polar group such as nitro, cyano, etc.; an alkylene

oxide group; a carbonyl group; a carbonate group; an amido
group, etc. However, R, to R, are not limited to these group.

As speciiic examples of the above-described compound

having an amido group, compounds may be given as shown
by following formulae (13) to (21):
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(13)
R O CH
A
H,C=—C—C—N
\
CH,
(14)
e
H,C=—C—C—N
C,Hs
(15)
II{ ﬁ C3H7
H,C=—C—C—N
\
C;H
(16)
f‘{ ﬁ‘ CH,CH,OCOCH,CH,OCOCH,
H,C—C—C—N
CH,CH,OCOCH,CH,OCOCH,
(17)
T‘{ ﬁ CH,CH,OCOCH,CH,CH,OCOCH,
Hzc=C—C—N\
CH,CH,OCOCH,CH,CH,OCOCH,
(18)
I
R
C
|/ j
H,C=—C—N
N\
C
|
O
(19)
O
.
|/
H,C—C—N
\
C
|
O
(20)
O
.
|/
H,C=—=C—N
\
C
|
O
(21)
R O

H2C—C——N—C

Also, in the compounds (ii), the third compounds has a
polymerizable functional group and contains an oxyallene
oroup. The third compound 1s, for example, one of com-
pounds represented by following formula (4);
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(4)
R O

H,C—C—C—0—7

where R represents a hydrogen atom or a methyl group and
7. represents a substituent containing an oxyallene group.

Also, as specific examples of the third compound con-
taining an oxyallene group, compounds may be given
wherein, for example, Z 1s the substituent represented by
following formula (22);

(22)
Rq

—((Q)n—0)ym—Rs

R,

where n and m each represent an integer and there are no
particular restrictions on R, R, and R..

For example, R, and R, each independently represent a
hydrogen atom, an alkyl group such as methyl, ethyl, propyl,
butyl, etc.; an alkoxy group such as hydroxymethyl,
hydroxyethyl, hydroxypropyl, hydroxybutyl, etc.; a halogen
atom such as fluorine, chlorine, bromine, 1odine, etc.; or a
polar group such as nitro, cyano, etc., but R, and R, are not
limited to these groups. R; may contain an alkyl group such
as methyl, ethyl, propyl, butyl, etc.; a carbonyl group; a
carbonate group, an amido group, etc., but R, 1s not limited
to these groups.

As specilic examples of the substituent shown by the

formula (22), substituents may be given by following for-
mulae (23) to (37);

—CH,CH,OCH, (23)
— CH,CH,OC,H, (24)
— CH,CH,OC,H- (25)
—(CH,CH,0),CH, (26)
—(CH,CH,0),CH, (27)
—CH,CH,0—COCH,CH,0—CH, (28)
—CH,CH,0—COCH,CH,CH,0—CH, (29)
— CH,CH,0—COCH,CH,CH,CH,0—CH, (30)
—CH,CH,0—COCH,CH,CH,CH,CH,0—CH, (31)
— CH,CH,0—COCH,CH,0—COCH, (32)
—CH,CH,0—COCH,CH,CH,0—COCH, (33)
— CH,CH,0—COCH,CH,CH,CH,0—COCH, (34)
— CH,CH,0—COCH,CH,CH,CH,CH,0—COCH, (35)
—CH,CH,0—(COCH,CH,0),—COCH, (36)
—CH,CH,0—(COCH,CH,CH,0),—COCH, (37)

For the formation of the high molecular network, use can
be made of various methods, such as a method of carrying
out heat treatment, a method of 1rradiating visible light or
light of a ultraviolet region, a method of irradiating
radiation, such as an electron ray, etc. No particular restric-
tions are required for the polymerization temperature, the
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polymerization time, the mtensity of light, and the irradia-
tion time, all of which can be properly established according
to the concentration of a crosslinking agent, the concentra-
fion of a polymerization 1nitiator, etc.

Also, at the formation of the high molecular network, 1f
necessary, a polymerization initiator can be added.
Examples of the polymerization initiator by heat include
benzoyl peroxide, benzoyldimethoylaniline peroxide, acety-
lene peroxide, lauroyl peroxide, azobisbutyronitrile, cumene
hydroperoxide, tertiary butyl hydroperoxide, dicumyl
peroxide, etc. Examples of the photopolymerization 1nitiator
include acetophenone-based compounds such as diethoxy
acetophenon, 1-hydroxycyclohexylphenylketone-1-(4-
dodecylphenyl)-2-hydroxy-2-methylpropan-1-one, etc.;
benzoin compound such as benzoin, benzoin methyl ether,
benzoin 1sobutyl ether, etc.; benzophenone-based com-
pounds such as benzophenone, 4-phenylbenzophenone-3,3'-
dimethyl-4-methoxybenzophenone, 3,3',4,4'-tetra(t-
butylperoxycarbonyl)benzophenone, etc.; and thioxanthone-
based compounds such as thioxanthone,
2-chlorothioxanthone, i1sopropylthioxanthone-2,4-
dusopropylthioxanthone, etc.

In the high molecular gel electrolyte of the present
invention, it 1s preferred that the electrolyte solution 1is
formed by dissolving an 1onic compound 1n a nonaqueous
organic solvent and 1s contained 1n an amount from 30 to
85% by weight 1n the matrix polymer. When the amount of
the electrolyte solution 1s less than 30% by weight, the 10nic
electric conductivity is rapidly lowered to 107> S/cm or
lower, which 1s not practical. Also, when the amount of the
clectrolyte solution 1s larger than 85% by weight, the 1onic
electric conductivity is as high as from 10~ to 107 S/cm.
However, 1n this case, not only the mechanical strength 1s
lowered but also there 1s a possibility that the electrolyte
solution oozes at a high temperature. Therefore, 1t 1s also
unsuitable for practical use.

In the present invention, the 1onic compound 1s not
particularly restricted, but may be an 1onic compound of a
metal belonging to group I or II of the periodic table and be
represented by a formula M*X™ (wherein M represents a
metal belonging to group I or II of the periodic table and X
is optional). In the particularly preferred compounds, M™ is
selected from Li*, Na™, and K* and more practically, the
compound can be suitably used which 1s selected from
LiClO,, LiBF,, LiPF., LiCF;SO;, Li(CF;SO,),N,
Li(C,FsSO,),N, Li(CF;S0,);C, and Li(C,F<SO,),C.

In the present invention, the nonaqueous organic solvent
1s not particularly restricted but 1s usually at least one of
carbonate-based solvents (propylene carbonate, ethylene
carbonate, butylene, carbonate, etc.), amide-based solvents
(N-methylformamide, N-ethylformamide, N,N-
dimethylformamide, N-methylacetamide, N-ethylacetaide,
N-methylpyrrolidone, etc.), lactone-based solvents
(y-butyrolactone, y-valerolactone, d-valerolactone, etc.),
ether-based solvents, nitrile solvents, etc., are used. In these
solvents, ethylene carbonate, propylene carbonate, dimethyl
carbonate, diethyl carbonate, methyl ethyl carbonate, or
v-butyrolactone 1s particularly preferred. To use the solvent
ciiectively, a mixed solvent thereof with other low-viscous
solvent may be used.

The secondary battery of the present invention 1s consti-
tuted by a positive electrode, an electrolyte, and a negative
clectrode. In this battery, the electrolyte may be formed by
the above-described high molecular gel electrolyte of the
present 1nvention. In the secondary battery of the present
invention of such a construction, an 1onic conductive high
molecule 1s used as the electrolyte. The 1onic conductive
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hich molecule 1s a solid state and has a high electric
conductivity. Therefore, the secondary battery serves as an
energy source of a small size, a large capacity, and a high
safety.

In the present invention, the positive electrode active
substance 1s not particularly restricted, but use may be made
of metal oxides, such as LiMnO,, LiMn,O,, Li1CoO.,,
LiN10,, etc.; electric conductive high molecules, such as
polypyrrole derivatives, polyaniline derivatives, poly-
thiophene derivatives, poly-paraphenylene derivatives, etc.;
and disulfide compounds shown by the formula (R(S),,),,
(where R represents an aliphatic group or an aromatic group;
S 1s a sulfur; m represents a positive iteger of at least 1 and
n represents a positive integer of at least 2), etc. For
example, dithioglycol, 2,5-dimercapto-1,3,4-thiadiazole,
S-triazine-2,4,6-trithiol, 7-methyl-2,6,8-trimercaptopurin,
ctc. Particularly Preferably, use can be made of the metal
oxides, such as LiMnO,, LiMn,O,, L1CoO,, LiNi10O,, etc.

Also, the negative electrode active substance 1s not also
particularly restricted. For the substance, use can be made of
materials which can occlude a lithtum 10n, a lithium metal,
alloys of a lithium metal and other metals, which are
conventionally known. Examples of the material capable of
occluding a lithium 10n may include crystalline carbon, such
as natural graphite and graphitized carbon obtained by
heat-treating a carbon or petroleum pitch at high
temperature, a petroleum pitch coke, a coal pitch coke,
noncrystalline carbon obtained by heat-treating an acenaph-
thylene pitch coke, eftc.

Accordingly, the particularly suitable example of the
secondary battery of the present invention may be called a
lithium secondary battery constituted by a positive
clectrode, an electrolyte, and a negative electrode. In this
event, the positive electrode active substance 1s made up of
LiMnO,, LiMn,0O,, LiCoO,, or LiIN10O, while a negative
clectrode active substance 1s made up of a material capable
of occluding a lithrum 10on or a lithium metal.

The positive electrode layer of the secondary battery of
the present invention can be formed from a mixture obtained
by mixing the above-described positive electrode active
substance to a proper binder. To ensure the electron con-
ductivity of the positive electrode active substance layer, the
mixture may be added with an electric conductivity aid as
proper carbonaceous fine particles such as acetylene carbon
black, etc. Also, the mixture may be added with an electric
conductive polymer, such as a polyaniline derivative, a
polypyrrole derivative, a polythiophene derivative, etc.
Furthermore, to ensure the 1onic conductivity of the positive
clectrode active layer, use may be made of a conventional
ionic conductive high molecular gel electrolyte, preferably
the 1onic conductive high molecular gel substrate of a solid
state of the present invention described above to form a
composite. The positive electrode of the secondary battery
of the present invention can be obtained, for example, by
dissolving the positive active substance and the electrolyte
solution having dissolved therein the above-described poly-
vinylidene fluoride compound and 1onic compound with a
crosslinking agent added thereto, and the electric conductive
aid 1 a proper solvent to be sufficiently dispersed in a
solution, coating the solution on a positive electrode
collector, evaporating off the solvent from the solution, and
irradiating the coated layer with an electron ray to form a
crosslinked structure.

As the positive electrode collector, use can be made of a
conventionally known thin film, network material, or the
other sheet forms of stainless steel, copper, nickel,
aluminum, etc. It 1s possible to form the negative electrode
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active substance layer and the negative electrode of the
secondary electrode of the present mnvention by the use of
the same methods as the positive electrode active substance
layer and the positive electrode described above.

The secondary battery of the present invention can be
prepared by an ordinary method, for example, by previously
forming an electrolyte thin film of solid state, and thereafter
disposing the film between the positive electrode and the
negative electrode. Alternatively, after coating the solid
clectrolyte of the present invention on the positive electrode
active substance layer or the negative electrode active sub-
stance layer at a predetermined thickness, the secondary
battery can be constituted by interposing the coated layer
between the positive electrode and the negative electrode.
The shape of the secondary battery of the present invention
may be optional. That 1s, the secondary battery can take an
optional desired shape, such as a cylindrical shape, a coin-
type shape, a gum-type shape, a flat-type shape, etc.

Then, the present mnvention 1s specifically described by
using the following examples but the present invention is not
limited to these examples. Examples 1, 3, and 5 exemplily
the high molecular gel electrolytes of the present mnvention
while Comparative Example 1 1s compared to this.
Examples 2, 4, and 6 1illustrate the lithium secondary bat-
teries each using the high molecular gel electrolyte of the
present 1nvention while Comparative Example 2 1s com-
pared to them.

The thin film was prepared which was made of the high
molecular gel electrolyte. As a measurement, the 1onic
clectric conductivity was measured. Both of the preparation
and the measurement were carried out 1n a grove box of an
argon gas atmosphere. The 1onic electric conductivity was
measured 1n the following manner. First, after the electrolyte
was formed to a thin film of a solid state with a definite
thickness, the thin film was cut into a definite size. The
clectrolyte thin film was sandwiched by two platinum block-
ing electrodes, each of which has the previously cleaned
surface. Lead wires were derived from the platinum elec-
trodes and were connected to an electrochemical analyzer
(CH Instruments, Model 660). The measurement was carried
out at a room temperature. The measuring frequency range
was from 10 Hz to 100 kHz and the applied voltage was
5x107* V.

In the charging and discharging test, first, the battery was
charged at an electric current of 0.2 C (coulomb) from the
charging direction until the voltage of the battery became 4.2
V. After a pause 1s taken for 30 minutes, the battery was
discharged at an electric current of 1.0 C until the voltage of
the battery became 3.0 V. Thereafter, charging and discharg-
ing were mutually repeated to evaluate the battery charac-
teristics. For the measurement of the repeated charging and
discharging characteristics, use was made of the above-

described electrochemical analyzer (CH Instruments, Model
660).

EXAMPLE 1

A sample material was prepared 1n a sample jar by putting
2.2 g of a vinylidene fluoride copolymer of vinylidene
fluoride and hexafluoropropylene of a composition ratio of
about 85:15 (EIf Japan, Kynar 2751, molecular weight about
400,000), 0.45 g of trimethylolpropane trimethacrylate, 0.35
g of the compound (i1) having the substituent of the above-
described formula (6) and containing a carbonyl group, 0.03
o of azobisisobutyronitrile as a crosslinking agent, and 4.5 g
of a propylene carbonate/ethylene carbonate mixed solution
(at a ratio of 1:1 by weight) containing 1 M of LiPF.. Then
the sample material 1s mixed with 15 g of tetrahydrofuran to
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form a mixture. By gently stirring the mixture for about 30
minutes, a homogeneous and bubble-free solution was pre-
pared. The solution was cast on stainless steel plate having
previously cleaned surface and subjected to evaporating oif
tetrahydrofuran over a period of about 30 minutes to form a
cast films. Thereafter, the cast film was heated to 80° C. for
about 10 minutes to carry out a crosslinking reaction. Thus,
a high molecular gel electrolyte thin film was obtained
which was homogeneous, self-supporting, and tough, and
had a thickness of 35 um. The high molecular gel electrolyte
thin film was cut mto a definite form and was used for the
measurement of the 1onic electric conductivity and for the
preparation of a secondary battery.

As a measured value of the 1onic electric conductivity, 1.6
mS/cm was obtained.

COMPARAITVE EXAMPLE 1

A sample material was prepared 1n a sample jar by putting
2.7 g of the vinylidene fluoride copolymer as used in
Example 1, 0.3 g of trimethylolpropane trimethacrylate, and
4.5 ¢ of a propylene carbonate/ethylene carbonate mixed
solution (1:1 by weight ratio). Then, the material was mixed
with 15 g of tetrahydrofuran to form a mixture. By gently
stirring the mixture for about 30 minutes, a homogeneous
bubble-free solution was prepared. The solution was cast on
a stainless steel having the previously cleaned surface and
subjected to evaporating off tetrahydrofuran over a period of
about 30 minutes to form a cast film. To form a crosslinked
structure, the case film was 1rradiated by an electron ray of
10 Mrad 1n a nitrogen gas atmosphere at room temperature.

For the wrradiation of the electron ray, use was made of an
apparatus of TYPE-CB250/15/180LEB, manufactured by

IWASAKI ELECTRIC CO., LTD. The accelerating voltage
was 160 keV. The high molecular gel electrolyte thin film
thus obtained was immersed in a propylene carbonate/
ethylene carbonate mixed solution (at a ratio of 1:1 by
weight) containing 1 M of liPF, for about 10 minutes to
carry out the replacement of the electrolyte solution. The
clectrolyte solution was sufficiently wiped away from the
surface to obtain a homogeneous, self-supporting, and tough
high molecular gel electrolyte thin film. The high molecular
oel electrolyte thin film was cut mto a definite shape and was
used for measurement of the 1onic electric conductivity. As
a measured value of the 1onic electric conductivity, 1.1
mS/cm was obtained.

From the comparison results of Example 1 and Compara-
tive Example 1, it can be seen that the high molecular gel
clectrolyte of the present mmvention has a higher electric
conductivity and that the production method thereof is easy.

EXAMPLE 2

FIG. 1 1s a schematic cross sectional view of the lithium
secondary battery of Example 2 obtaimned by applying the
high molecular gel electrolyte of the present invention to a
thin-type polymer lithium i1on secondary battery. In this
example, a L1 composite metal oxide, a high molecular gel
clectrolyte and a lithium 1on-occluding carbonaceous mate-
rial as the positive electrode active substance, the
clectrolyte, and the negative electrode.

Specifically, the lithium secondary battery 11 of the
present 1nvention 1s structured by a positive electrode active
substance layer 15 attached to one surface of a positive
clectrode collector 13 and a negative electrode active sub-
stance layer 19 attached to one surface of a negative elec-
trode collector 17. All of the layers 15, 13, 19, and 17 are

stacked or laminated via a polymer solid electrolyte layer 21.
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The 1illustrated polymer lithium secondary battery 11 was
manufactured 1n the following manner.

The vinylidene fluoride copolymer used in Example 1,
LiPF ., propylene carbonate, and tetrahydrofuran are com-
pounded at a ratio of 10:1.5:10:100 by weight to obtain a
uniform liquid. Also, after adding a kneaded product of
[.iMn,O, and acetylene black (at a ratio of 92:8 by weight)
to the mixed solution, the resultant mixture was stirred to
provide a mixture. In addition, 1n this case, the mixing ratio
was adjusted about a mixture of the kneaded mixture of
LiMn,O, and acetylene black to the solution containing the
vinylidene fluoride copolymer so that the weight ratio of the
kneaded mixture to the vinylidene fluoride copolymer
became 95:5. Then, tetrahydrofuran alone was evaporated
from the mixture, the mixture was formed 1nto a sheet form
by a roll press. The sheet was cut into a proper size to
prepare the positive electrode active substance layer 15
having a capacity of about 25 mAh and a thickness of 120
um. Thereafter, the positive electrode active substance layer
was stuck to the center portion of one surface of the positive
clectrode collector 13 which was made up of an aluminum
fo1l having a thickness of 20 um. In addition, because the
positive electrode active substance layer 15 prepared as
described above had a pressure-sensitive adhesive property,
it could be stuck to the positive electrode collector without
using an adhesive.

On the other hand, a mixture was prepared by mixing the
clectrolyte solution containing the vinylidene fluoride
copolymer used 1n the case of forming the above-described
positive electrode active substance layer 15 and a kneaded
product of a powdery petroleum coke and acetylene black at
a ratio of 20:1 by weight and by thereafter stirring them. In
addition, 1n this case, the mixing ratio was adjusted about a
mixture of the kneaded product of the powdery petroleum
coke and acetylene black to the vinylidene fluoride copoly-
mer so that the weight ratio of the kneaded product and the
vinylidene fluoride copolymer became 95:5. Then, after the
tetrahydrofuran alone was evaporated from the mixture, the
mixture was formed 1nto a sheet form by a roll press. The
sheet was cut 1nto the same size as the positive electrode
active substance layer 15 to prepare a negative electrode
active substance layer 19. The negative electrode active
substance layer 19 had a capacity of about 26 mAh and a
thickness of 90 um. Thereatter, like the positive electrode,
the negative electrode active substance layer 19 was stuck to
a negative electrode collector 17 made up of a copper foil
having a thickness of 20 um.

Furthermore, after placing a hot melt of a heat pressure-
sensifive type on the peripheral portion of the positive
clectrode collector 13, the negative electrode connector 17
was prepared which had formed thereon the negative elec-
trode active substance layer 19. The negative electrode
connector was placed on the positive electrode collector
such that the high molecular gel electrolyte thin film of
Example 1 was mserted between both the active substance
layer of the collectors. Then, by heating, the hot melt 23 was
completely connected to the peripheral portions of the
connectors to accomplish a polymer lithium 10on secondary
battery.

COMPARAITVE EXAMPLE 2

FIG. 2 1s a schematic cross sectional view of a coin-type
lithium 1on secondary battery 25 using an ordinary electro-
lyte solution and separator. As a positive electrode active
substance layer 15 and a negative electrode active substance
layer 19, the same layers as those in Example 2 were used.
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The coin-type lithium 1on secondary battery 25 was pro-
duced as follows.

First, the positive electrode active substance layer was
placed on a positive electrode collector 13 made up of an
aluminum foil having a thickness of 20 um stuck to the
bottom of a positive electrode case. Then, a ring-shaped
cgasket was placed on the peripheral portion of the positive
clectrode case. The ring-shaped gasket had been made up of
polypropylene. Then, a negative electrode active substance
film was cut 1nto a circular form having the same diameter
as the positive electrode and was placed on a negative
electrode collector 17 which was made up of a copper foil
stuck to the inside wall of a negative electrode case and
mounted thereto by press-sticking.

Then, 0.05 ml of an electrolyte solution was prepared
such that the composition ratio of propylene carbonate,
dimethyl carbonate, and LiPF. became 10:10:3 and was
dripped onto the positive electrode active substance layer
15. Thereafter, a separator composed of a non-woven fabric
of polypropylene covered the positive electrode active sub-
stance layer 15 so that the separator completely covered the
surface of the active substance layer 15. Furthermore, 0.05
ml of the electrolyte solution was dripped onto the separator
and thereafter a negative electrode case 31 was placed on an
clectrolyte layer 27 such that the electrolyte layer 27 includ-
ing the separator was inserted between them. Also, the
positive electrode case 29 was placed on the negative
clectrode case 31 by the ring-shaped gasket 29. The periph-
eral portions of both cases were caulked to accomplish a
coin-type lithium 1on secondary battery.

The discharging characteristics of the two secondary
batteries of Example 2 and Comparative Example 2 are
shown 1n FIG. 3 and the charging and discharging charac-
teristics of them are shown 1s FIG. 4. In FIGS. 3 and 4, 1t can
be seen that because 1n the secondary battery of the present
invention, the high molecular gel electrolyte used has a high
ionic electric conductivity, in the high-rate discharging
(~1C), the same battery performance as the secondary
battery using the conventional electrolyte solution 1s
obtained.

The high molecular gel electrolyte of the present mmven-
tion of above-described Examples 1 and 2 has mainly the
following two effects (1) and (2).

(1) Because the vinylidene fluoride polymer is surrounded
by a uniform high molecular network, the electrolyte 1s
excellent 1n the mechanical characteristics.

(2) Because the high molecular network contains a car-
bonyl group, the electric conductivity of the high molecular
oel electrolyte using a carbonate-based organic solvent is
improved.

Therefore, the high molecular gel electrolyte of the
present nvention can easily carry out the design thereof by
the option combination of various components of the high
molecular gel electrolyte according to the required perfor-
mance of the 1onic electric conductivity and the mechanical
strength.

Accordingly, the high molecular gel electrolyte of the
present 1nvention can realize the excellent mechanical
strength of a practical level and the high 1onic conductivity
of 1.0 MS/cm or higher of a practical level and also can
ensure the electrolyte solution retentive property at high
temperature, and thus, the real application as the electrolyte
of a secondary battery can be largely expected. Also,
because the secondary battery using the high molecular gel
clectrolyte of the present invention has a high 1onic electric
conductivity of the electrolyte, a high output of a similar
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level to that of a secondary battery using a conventional
clectrolyte solution can be realized. In addition, because 1n
the secondary battery of the present invention, there 1s no
possibility of causing a liquid leakage to occur. This means
that the safety 1s high and the battery can be extremely
become thin 1n thickness.

As described above, since the high molecular gel elec-
trolyte of the present invention has a high 1onic electric
conductivity and 1s excellent 1n the mechanical strength, the
battery can be easily handled, and also 1s excellent in
workability. Thus, the electrolyte of the present invention
can largely contribute to the realization of a small-sized and
large capacity solid-type secondary battery and, in
particular, the lithium or lithium 1on solid-type secondary
battery can accomplish a high output and a high safety.

EXAMPLE 3

A sample material was prepared 1n a sample jar by putting
2.3 g of a vinylidene fluoride copolymer of vinylidene
fluoride and hexafluoropropylene of a composition ratio of
about 85:15 (EIf Japan, Kynar 2751, molecular weight about
400,000) 0.4 g of trimethylolpropane trimethacryate, 0.3 g
of vinylpyrrolidone, 0.03 ¢ of azobisisobutyronitrile as a
crosslinking agent, and 4.5 ¢ of a propylene carbonate/
ethylene carbonate mixed solution (at a ratio of 1:1 by
weight) containing 1 M of LiPF. Then the sample material
was mixed with 15 ¢ of tetrahydrofuran to form a mixture.
The mixture was gently stirred for about 30 minutes to
prepare a homogeneous bubble-free solution. The solution
was cast on a stainless steel plate having the previously
cleaned surface and subjected to evaporating off tetrahydro-
furan over a period of about 30 minutes to form a cast film.
The cast film was heated to 80° C. for about 10 minutes to
carry out crosslinking. Thus, a high molecular gel electrolyte
thin film was obtained which was homogeneous, seli-
supporting, and tough and had a thickness of 31 um. The
hich molecular gel electrolyte thin film was cut into a
definite form and was used for the measurement of the 10onic
clectric conductivity and for preparing a secondary battery.
As a measured value of the 1onic electric conductivity, 1.5
mS/cm was obtained.

As the result of comparing with above-described Com-
parative Example 1, 1t can be seen that the high molecular
oel electrolyte of Example 3 has a higher electric conduc-
tivity and the excellent electrolyte retentive property, and
further the production method 1s easy.

EXAMPLE 4

A lithium secondary battery of Example 4 has the high
molecular gel electrolyte of the present invention and the
same construction as that shown in FIG. 1. The lithium
secondary battery has a positive electrode active substance
layer formed on one surface of a positive electrode collector
and a negative electrode active substance layer formed on
one surtace of a negative electrode collector. In addition, and
the positive and the negative electrode active layers are
laminated via a polymer solid electrolyte layer. The polymer
lithium 10n secondary battery was produced as follows.

By compounding the vinylidene fluoride copolymer as
used 1n Example 3, LiPF., propylene carbonate, and tet-
rahydrofuran at a ratio of 10:1.5:10:100 by weight, a homo-
geneous solution was prepared. Also, after adding a kneaded
product of LiMn,0O, and acetylene black (92:8 by weight
ratio) to the mixed solution, the resultant mixture was stirred
to provide a mixture. In addition, 1n this case, the mixing
ratio was adjusted about a mixture of the kneaded mixture of
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LiMn,O, and acetylene black to obtain the solution con-
taining the vinylidene fluoride copolymer so that the weight
ratio of the kneaded mixture to the vinylidene fluoride
copolymer became 95:5. Then, after evaporating off tetrahy-
drofuran only from the mixture, the mixture was formed into
a sheet form by a roll press. The resultant sheet was cut 1nto
a proper size to prepare the positive electrode active sub-
stance layer 15 having a capacity of about 25 mAh and a
thickness of 120 um. Thereafter, the positive electrode active
substance layer was stuck to the center portion of one
surface of the positive electrode collector 13 which was
made up of an aluminum foil having a thickness of 20 um.
In addition, because the positive electrode active substance
layer 15 prepared as described above had a pressure-
sensitive adhesive property, it could be stuck to the positive
clectrode collector 13 without using an adhesive.

On the other hand, the electrolyte solution 1s also prepared
which contains the vinylidene fluoride copolymer and 1s
used 1n the case of forming the above-described positive
clectrode active substance layer 15. The electrolyte solution
1s mixed with a kneaded product of a powdery petroleum
coke and acetylene black at a ratio of 20:1 by weight and
stirred to prepare a mixture. In addition, 1n this case, the
mixing ratio 1s ajusted about the mixture of the kneaded
product of the powdery petroleum coke and acetylene black
and the vinylidene fluoride copolymer so that the weight
ratio of the kneaded product and the vinylidene fluoride
copolymer became 95:5. Then, after evaporating off tetrahy-
drofuran only from the mixture, the mixture was formed 1nto
a sheet form by a roll press and cut into the same size as the
positive electrode active substance layer 15 to prepare a
negative electrode active substance layer 19 having a capac-
ity of about 26 mAh and a thickness of 90 um. Thereafter,
like the positive electrode, the negative electrode active
substance layer 19 was stuck to a negative electrode collec-
tor 17 made up of a copper foil having a thickness of 20 um.

Furthermore, a hot melt 23 of a heat pressure-sensitive
type was placed on the peripheral portion of the positive
clectrode collector 13 and subsequently the negative elec-
trode connector 17 was prepared which had formed thereon
the negative electrode active substance layer 19. The nega-
five electrode connector was placed on the positive electrode
collector such that the high molecular gel electrolyte thin
film of Example 3 was interposed between both the active
substance layers of the collectors. Then, by heating, the hot
melt 23 was completely connected to the peripheral portions
of the connectors to accomplish a polymer lithrum 1on
secondary battery 11.

The discharging characteristics of the secondary batteries
of Example 4 and Comparative Example 2 are shown in
FIG. 5 and the charging and discharging characteristics of
them are shown in FIG. 6.

Referring to FIGS. 5 and 6, it can be seen that because 1n
the secondary battery of the present invention, the high
molecular gel electrolyte used has a high 1onic electric
conductivity, even in the high-rate discharge (~1 C) and
accomplishes the same battery performance as the secondary
battery using the conventional electrolyte solution.

The high molecular gel electrolyte of the present mmven-

tion of the above-described Examples 3 and 4 has mainly the
following two effects (3) and (4).

(3) Since the vinylidene fluoride polymer is surrounded
by a uniform high molecular network, the electrolyte 1s
excellent 1n the mechanical characteristics.

(4) Since the high molecular network contains a carbonyl
ogroup, the electric conductivity of the high molecular gel
clectrolyte using a carbonate-based organic solvent 1s
improved.
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This shows that the high molecular gel electrolyte of the
present invention can be easily designed by the optimum
combination of various components of the high molecular
gel electrolyte according to the required performance of the
ionic electric conductivity and the mechanical strength.

Accordingly, the high molecular gel electrolyte of the
present 1nvention can achieve the excellent mechanical
strength of a practical level and the high 10onic conductivity
of 1.0 MS/cm or higher of a practical level and also can
ensure the electrolyte solution retentive property at high
temperature. Thus, the real application as the electrolyte of
a secondary battery can be largely expected. Also, because
the electrolyte has a high 1onic electric conductivity 1n the
secondary battery which uses the high molecular gel elec-
trolyte of the present invention, a high output can be
achieved which 1s similar 1n level to a secondary battery
using a conventional electrolyte solution. In addition, the
secondary battery has no possibility of causing a liquid
leakage to occur 1n the present invention. Therefore, the
safety 1s high and the battery can become extremely thin.

As described above, the high molecular gel electrolyte 1n
Examples 3 and 4 of the present invention has a high 1onic
clectric conductivity and 1s excellent 1n the mechanical
strength. The electrolyte can be easily handled and also 1s
excellent 1n workability. Accordingly, the electrolyte of the
present invention can largely contribute to the realization of
a small-sized and large capacity solid-type secondary battery
and particularly lithium or lithium 10n solid-type secondary
battery can accomplish a high output and a high safety.

EXAMPLE 5

A sample material was prepared 1n a sample jar by putting
2.3 g of a vinylidene fluoride copolymer of vinylidene
fluoride and hexatluoropropylene of a composition ratio of
about 85:15 (EIf Japan, Kynar 2751, molecular weight about
400,000), 0.25 g of trimethylolpropane trimethacrylate, 0.25
g of the compound (ii) (mentioned before) having the
substituent of the above-described formula (7) and contain-
ing an oxyalkylene group, 0.03 g of azobisisobutyronitrile as
a crosslinking agent, and 4.5 ¢ of a propylene carbonate/
ethylene carbonate mixed solution (at a ratio of 1:1 by
weight) containing 1 M of LiPF . Then, 15 g of tetrahydro-
furan was added thereto to form a mixture. By gently stirring
the mixture for about 30 minutes, a homogeneous and
bubble-free solution was prepared. The solution was cast on
stainless steel plate having previously cleaned surface and
subjected to evaporating off tetrahydrofuran over a period of
about 30 minutes. The cast film was heated to 80° C. for
about 10 minutes to carry out a crosslinking reaction. Thus,
a high molecular gel electrolyte thin film was obtained
which was homogeneous, self-supporting, and tough and
had a thickness of 31 um. The high molecular gel electrolyte
thin film was cut into a definite form and was used for the
measurement of the 1onic electric conductivity and for the
preparation of a secondary battery. As a measured value of
the 1onic electric conductivity, 1.3 mS/cm was measured.

Accordingly, 1t was found that the high molecular gel
clectrolyte of the present invention has a higher electric
conductivity as well as the excellent electrolyte solution
retentive property, and further the production method
thereof 1s easy.

EXAMPLE 6

A lithium secondary battery of Example 6 which uses the
higch molecular gel electrolyte of the present invention 1is
similar in structure to that shown in FIG. 1. The Iithrum
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secondary battery 11 of this example has a positive electrode
active substance layer 15 formed on one surface of a positive
clectrode collector 13 and a negative electrode active sub-
stance layer 19 formed on one surface of a negative elec-
trode collector 17. Furthermore, the positive and the nega-
tive active substance layers are stacked via a polymer solid
clectrolyte layer 21. The polymer lithum 1on secondary
battery was produced as follows.

By compounding the vinylidene fluoride copolymer used
in Example 5, LiPF ., propylene carbonate, and tetrahydro-
furan at a ratio of 10:1.5:10:100 by weight, a homogenecous
solution was prepared. Also, after adding a kneaded product
of LiMn,O, and acetylene black (in a ratio of 92:8 by
weight) to the mixed solution, the resultant mixture was
stirred to provide a mixture. In addition, in this case, the
mixing ratio was adjusted about the mixture of the kneaded
mixture of LiMn,O, and acetylene black to obtain the
solution containing the vinylidene fluoride copolymer so
that the weight ratio of the kneaded mixture to the vinylidene
fluoride copolymer became 95:5. Then, after tetrahydrofuran
alone was evaporated off only from the mixture, the mixture
was formed 1nto a sheet form by a roll press. The sheet was
cut 1nto a proper size to prepare the positive electrode active
substance layer 15 having a capacity of about 25 mAh and
a thickness of 120 um. Thereafter, the positive electrode
active substance layer was stuck to the center portion of one
surface of the positive electrode collector 13 which was
made up of an aluminum foil having a thickness of 20 um.
In addition, because the positive electrode active substance
layer 15 prepared as described above had a pressure-
sensifive adhesive property, it could be stuck to the positive
clectrode collector 13 without using an adhesive.

On the other hand, the electrolyte solution was also
prepared which contained the vinylidene fluoride copolymer
and which was used 1n the case of forming the above-
described positive electrode active substance layer 15. The
clectrolyte solution was mixed with a kneaded product of a
powdery petroleum coke and acetylene black at a ratio of
20:1 by weight and stirred to prepare a mixture. In addition,
in this case, the mixing ratio was adjusted about a mixture
of the kneaded product of the powdery petroleum coke and
acetylene black to the vinylidene fluoride copolymer so that
the weight ratio of the kneaded product and the vinylidene
fluoride copolymer became 95:5. Then, after only tetrahy-
drofuran was evaporated off from the mixture, the mixture
was formed 1nto a sheet form by a roll press. The sheet was
cut mto the same size as the positive electrode active
substance layer 15 to prepare a negative electrode active
substance layer 19 having a capacity of about 26 mAh and
a thickness of 90 um. Thereafter, in the manner similar to the
positive electrode, the negative electrode active substance
layer 19 was stuck to a negative electrode collector 17 which
was made up of a copper foil having a thickness of 20 um.

Furthermore, the negative electrode connector 17 was
prepared on which the negative electrode active substance
layer 19 was formed after a hot melt 23 of a heat pressure-
sensitive type was placed on the peripheral portion of the
positive electrode collector 13, the negative electrode col-
lector was placed on the positive electrode collector 13 such
that the high molecular gel electrolyte thin film of Example
5 was mterposed between both the active substance layers of
the collectors. Then, by heating, the hot melt 23 was
completely connected to the peripheral portions of the
connectors 13 and 17 to accomplish a polymer lithium 1on
secondary battery.

The discharging characteristics of the secondary batteries
of Example 6 and Comparative Example 2 are shown in
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FIG. 7 and the charging and discharging characteristics of
them are shown 1n FIG. 8.

From the results of FIG. 7 and FIG. 8, it can be seen that
because 1n the secondary battery by Example 6 of the present
invention, the high molecular gel electrolyte used has a high
ionic electric conductivity, in the high-rate discharging (~1
C) and it is possible to obtain the same battery performance
as the secondary battery using the conventional electrolyte
solution.

The high molecular gel electrolyte of the present inven-
fion of the above-described Examples 5 and 6 has mainly the
following two effects (5) and (6).

(5) Inasmuch as the vinylidene fluoride polymer is sur-
rounded by a uniform high molecular network, the electro-
lyte 1s excellent 1in the mechanical characteristics.

(6) Inasmuch as the high molecular network contains a
carbonyl group, the electric conductivity of the high molecu-
lar electrolyte using a carbonate-based organic solvent is
improved.

Therefore, the high molecular gel electrolyte of the
present mvention can be easily designed by the optimum
combination of various components of the high molecular
oel electrolyte according to the required performance of the
ionic electric conductivity and the mechanical strength.

Accordingly, the high molecular gel electrolyte of the
present invention can accomplish the excellent mechanical
strength of a practical level and the high 10onic conductivity
of 1.0 MS/cm or of a practical level and can ensure the
clectrolyte solution retentive property at high temperature.
Thus, the real application as the electrolyte of a secondary
battery can be largely expected. Also, because in the sec-
ondary battery using the high molecular gel electrolyte of
the present invention, the 1onic electric conductivity of the
clectrolyte 1s high, a high output of an almost same level as
that of a secondary battery using a conventional electrolyte
solution can be achieved. Also, because the secondary
battery of the present invention has no possibility of causing,
a liquid leakage to occur, the safety 1s high and the battery
can become extremely thin.

As described above, the high molecular gel electrolyte by
Examples 5 and 6 of the present invention has a high 1onic
clectric conductivity, excellent mechanical strength, facili-
tation of handling, and excellent workability, the electrolyte
of the present invention i1s very elfective to realize a small-
sized and large capacity solid-type secondary battery and,
particularly, lithium or lithium 1on solid-type secondary
battery can have a high output and a high safety.

What 1s claimed 1s:

1. A secondary battery comprising a positive electrode, an
clectrolyte, and a negative electrode, wherein the electrolyte
comprises a high molecular gel electrolyte comprising,

a) a matrix polymer comprising

(1) a compound containing at least two polymerizable
functional groups;

(i1) a compound having a polymerizable functional
oroup and a carbonyl group, an amido group, or an
oxyalkylene group; and

(i11) a vinylidene fluoride polymer and

b) an electrolyte solution containing an ionic compound

dissolved 1n a nonaqueous organic solvent.

2. The secondary battery of claim 1, wherein the poly-
merizable functional group contains an unsaturated ethylene
group.

3. The secondary battery of claim 2, wherein the poly-
merizable functional group containing an unsaturated eth-
ylene group 1s an acryloyl group or a methacryloyl group.
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4. The secondary battery of claim 1, wherein the electro-
lyte solution comprises from 30 to 85% by weight to the
matrix polymer of the high molecular gel electrolyte.

5. The secondary battery of claim 1, wherein the 1onic
compound 1s formed by an 1onic compound of a metal
belonging to Group I or II of the Periodic Table.

6. The secondary battery of claim 5, wherein the 1onic
compound 1s selected from the group consisting of Li1ClO,,
LiBF,, LiPF,, LiCF;SO;, Li(CF;S0,),N, Li(C,FS0,),N,
Li(CF;S0,)5C, and Li(C,FS0,);C.

7. The secondary battery of claim 1, wherein the non-
aqueous organic solvent includes at least one solvent
selected from the group consisting of carbonate-based
solvents, amido-based solvents, lactone-based solvents, and
cther-based solvents.

8. The secondary battery of claim 7, wherein the non-
aqueous organic solvent includes at least one solvent
selected from the group consisting of ethylene carbonate,
propylene carbonate, dimethyl carbonate, diethyl carbonate,
methyl ethyl carbonate, and v-butyrolactone.

9. The secondary battery of claim 1, further comprising
positive and negative electrode active substances, wherein
said positive electrode active substance are selected from the
ogroup consisting of LiMnO,, LiMn,O,, LiCoO,, or L1N10O.,,
and said negative electrode active substance are selected
from the group consisting of a material capable of occluding
a lithium 10n or a lithium metal.

10. A high molecular gel electrolyte comprising,

a) a matrix polymer comprising
(1) a compound containing at least two polymerizable
functional groups;

(i1) a compound having a polymerizable functional

ogroup and a carbonyl group, an amido group, or an
oxyalkylene group; and
(i11) a vinylidene fluoride polymer and

b) an electrolyte solution containing an ionic compound

dissolved 1n a nonaqueous organic solvent.

11. The high molecular gel electrolyte of claim 10,
wherein the polymerizable functional group contains an
unsaturated ethylene group.

12. The high molecular gel electrolyte of claim 11,
wherein the polymerizable functional group containing an
unsaturated ethylene group 1s an acryloyl group or a meth-
acryloyl group.

13. The high molecular gel electrolyte of claim 10,
wherein the contained amount of the electrolyte solution
comprises from 30 to 85% by weight to the matrix polymer
of the high molecular gel electrolyte.

14. The high molecular gel electrolyte of claim 10,
wherein the 1onic compound 1s an 10nic compound of a metal
belonging to Group I or II of the Periodic Table.

15. The high molecular gel electrolyte of claim 11,
wherein the 1onic compound 1s selected from the group
consisting of LiClO,, LiBF,, LiPF ., LiCF.SO,, Li(CF,SO.,)
>N, Li(C,F:S0,),N, Li(CF;S0,),C, and Li(C,FS0,);C.

16. The high molecular gel electrolyte of claim 10,
wherein the nonaqueous organic solvent includes at least
one solvent selected from the group consisting of carbonate-
based solvents, amido-based solvent, lactone-based
solvents, and ether-based solvents.

17. The high molecular gel electrolyte of claim 16,
wherein the nonaqueous organic solvent includes at least
one solvent selected from the group consisting of ethylene
carbonate, propylene carbonate, dimethyl carbonate, diethyl
carbonate, methyl ethyl carbonate, and y-butyrolactone.
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18. The secondary battery according to claim 1, wherein
the compound having a polymerizable functional group and
a carbonyl group has the structural formula (1)

(1)
R O

H,C=—=(C—(C—0O0—X——Y

where R represents a hydrogen atom or a methyl group,
X does not exist or represents an alkylene group or an
oxyalkylene group, and Y denotes a substituent having
at least one carbonate bond.
19. The secondary battery according to claim 1, wherein
the compound having a polymerizable functional group and
an amido group has the structural formula (2) or (3)

(2)

R

A

H,0=C—C—N
\
Ro
(3)
I
H,C=C—N—C—R;,

where R represents a hydrogen atom or a methyl group
and R, and R, or R, and R, each independently
represent an aliphatic group or an aliphatic group
containing a heteroatom.
20. The secondary battery according to claim 1, wherein
the compound having a polymerizable functional group and
an oxyalkylene group has the structural formula (4)

(4)
R O

H,C=—(C—C—0—7Z

where R represents a hydrogen atom or a methyl group
and Z represents a substituent containing an oxyalky-
lene group.

21. The secondary battery according to claim 10, wherein
the compound having a polymerizable functional group and
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a carbonyl group has the structural formula (1)

R O

H,C=—=(C— (C—0O0—X——Y

where R represents a hydrogen atom or a methyl group,
X does not exist or represents an alkylene group or an
oxyalkylene group, and Y denotes a substituent having,
at least one carbonate bond.

22. The secondary battery according to claim 10, wherein

the compound having a polymerizable functional group and
an amido group has the structural formula (2) or (3)

(2)
R O

R
N _a
H,C=—C—C—N
\
Ry
(3)
R O

H,C=—C—N—C—R,

R4

where R represents a hydrogen atom or a methyl group
and R, and R, or R, and R, each independently
represent an aliphatic group or an aliphatic group
containing a heteroatom.
23. The secondary battery according to claim 10, wherein
the compound having a polymerizable functional group and
an oxyalkylene group has the structural formula (4)

(4)
R O

H,C—C—C—0—7

where R represents a hydrogen atom or a methyl group
and Z represents a substituent containing an oxyalky-
lene group.
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